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We aim to review and analyze the available data from the literature on the value of Cardiopulmonary Exercise Test
(CPET) in HCM.
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| 1.Introduction

Hypertrophic cardiomyopathy is the most frequent and best characterized inheritable cardiac disease (1:500 general
population). It is defined by the presence of left ventricular hypertrophy (LVH), measured as thickness of 215 mm in
adults, in the absence of other loading conditions &, HCM causes significant morbidity and mortality, and its natural
history includes the development of atrial and ventricular arrhythmias such as atrial fibrillation or flutter, and heart failure,
stroke, and sudden cardiac death. SCD is the most frequent severe event with a 1% annual incidence 28 In some
developed countries, HCM is the most important cause of SCD among young people and athletes I,

A series of clinical parameters associated with an increased risk of SCD during the follow-up of these patients have been
identified. These include the magnitude of the LVH, severity of the left ventricular outflow tract gradient, left atrial diameter,
familiar history of syncope or SCD, and the non-sustained ventricular tachycardia (NSVT) in the ambulatory ECG
monitoring HIBIEIA byt also ABPRE and the presence of ventricular arrhythmias. While every parameter has low
predictive value when considered alone, risk scores derived from population size sample of patients have been developed
[l HCM patients’ response to exercise has been largely studied. Values of VO2max and ATVO2 have been found
reduced in some series. When functional limitation is present, this can be explained related to a reduction in the stroke
volume, the chronotropic reserve, an imbalanced ventilation perfusion, and an inadequate peripheral oxygen utilization.

Patients with chronic diseases frequently adapt their lifestyles to the functional limitations associated with their pathology.
Exercise testing in HCM patients is a useful tool to reveal subclinical symptoms and provides valuable information for
exercise prescription . HCM patients’ response to exercise has been widely investigated and even proposed as one of
the differential diagnostic variables between cases of physiological hypertrophy in athletes and HCM 211291,

While a comprehensive assessment of functional capacity with ergometry, VO2max analysis with echocardiography
allows a better understanding of the pathophysiology in HCM, the diversity of protocols prevents from comparisons
between studies. Dyspnea, chest pain, and syncope on exertion are a consequence of the complex involvement of
cardiac and extracardiac factors. LVOT together or not with mitral regurgitation, diastolic dysfunction, myocardial
ischemia, rhythm disorders, or autonomic imbalance, are the main cardiac factors involved in symptoms development.

The main aim of the study was to present a systematic review and a meta-analysis of the of available data on
cardiopulmonary exercise functional assessment of patients with HCM. The analysis included the evaluation of
methodological protocols and the impact of relevant clinical characteristics such as age group, obstruction severity,
degree of hyper-trophy and the prognostic implications of the results of the functional tests.

| 2. Study Sample

Original search yielded 2616 results and 12 more were added based on the exploration of the references of systematic
reviews and meta-analyses related to hypertrophic cardiomyopathy. When full texts were not available online, authors
were contacted after an initial screening for title and abstract. A flow diagram of the search process is available in Figure
1. One hundred and two full texts were read after the first screening, of which, 69 were included for qualitative synthesis.
The protocol was designed ad hoc and not published. All data concerning methodological designs are showed in Table 1.
They included 11,672 patients which were 48 + 14 years old and had an average body mass index of 26.9 + 6.5 kg/m? as
evaluated with data from 21 studies and 6558 patients. In total, 65.9% of them were men and 34.1% women. In 18 of the



69 articles, at least one extracardiac variable was included, among which the presence of diabetes and pathologies
involving the lipidic metabolism were the most common with 14 and 7 times reported, respectively. The presence of
diabetes was calculated with data from 3665 patients with a prevalence of 7.6%; and from 1927 patients for dyslipidemias
with a prevalence of 45.1%. Other comorbidities such as hypertension and smoking habit were present in 32.8% and
30.6% of patients, respectively.
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Figure 1. Flow diagram of the search process. Adapted from Moher and collaborators 14,
Table 1. Methodological characteristics of publications.

Methodological characteristics of publications.

Age CPET Intensity pru Extracardiac Cardiac Variables Measured
Author, Year n (Ygears) %W CPETMaterial The?a Variables
Initial  Added Lapse 24 LVOT MR PCWP ABPRE Events

Abozguia, 2010 . . Not

[12] 56 52+11 29 Treadmill 47M 2-3M 3 controlled - Out - - - -
A"a'm,ﬁ," 2012 495 s0:15 32 Treadmill ~ 47M 2-3M 3 Disc. (12 h) DM, HL BL BL N - out
Arena, 2008 [24] 83 38+10 39 Upright CE 1w 1w 1 Continued - Out  Out il;(’ - -

: 125] : ] BL,

Austin, 2010 50 44 +13 38 Treadmill - - - Continued - Ex BL - Ex -

Axe'ss,g," 2016 135 52+13 35  UprightCE  25W 25W 2 Continued - BL - - - BL
Azarbal, 2014 x4} 265 5215 39 Treadmill mf)h - - Continued DM, HL BL BL - Ex -

. 28] Not .
Binder, 2007 217 56 + 16 41 - - - - . Creatinine BL BL - - -
registered
[9] i 2 , .

Bonow, 1985 70 47 47 Treadmill mph 2.5% 2 Administered - BL - - - Ex
Briguori, 1999 29 52 41 29 Upright CE r|6)(:n iw 3" Disc. (5H-L) - BL BL - Ex Ex
Briguori, 200121 44 40:15 27 (?) CE 60 1w 3" Disc. (5H-L) Blood BL BL - - Ex

rpm analysis
Chan, 1990 [221 13 42+14 38 Upright CE 28W 22w 3 Administered - BL - BL - Out
Chikamori, 1992 g9 41 46 Treadmill 47M 2-3M 3 Disc. (?) . BL Out - out out



CPET Intensity

Cardiac Variables Measured

Author, Year n a{gles) %W CPETMaterial _?:;?a 5::::;:’: :hac
Initial  Added Lapse Py LVOT MR PCWP ABPRE Events

Choi, 2008 241 32 55+11 19  SupineCE 25W 25W 3 Disc. (?) c'e‘:'i""e' BL oOut - - -

Ciampi, 2007 23] 22 36+13 23 Treadmill 27M 2-3M 3 Disc. (5H-L) - BL - - Ex Ex
28] . 10- s )
Coats, 2014 1898 4715 33 Upright CE ow 30W 1 Continued - BL BL - Ex Ex
D’Andrea, 2017 . No drugs BL,
+ - " - - - -
271 45 38+15 22 Supine CE 25W 2 used BL Ex
de la Morena, . m . . h
2003 1281 98 44+15 28 Treadmi 47M 2-3M 3 Disc. (48 h) - BL BL - Ex Ex
de la Morena, . Not BL, BL,
+ —. 3 - -
2013 [291 87 54+13 33 Treadmill 47M 2-3M 3 controlled Ex Ex Ex Ex
. 1301 . s . BL, BL,

Desai, 2014 426 44 +14 22 Treadmill 47 M 2-3M 3 Continued DM Ex Ex - Ex Ex
Dimitrow, 1996 31 10 377 - Treadmill 27M 2-3M 3 Administered DM, HL BL - - - -
Dumont, 2007 (321 64 51+14 33 Treadmill 47M 2-3M 3 Disc. (72 h) - BL - - Ex BL
Efthimiadis, 2011 65 45415 24  Treadmill 47M 2-3M % Not - BL - - Ex BL

controlled

Ferguson, 2016 ;5  14:3 44  UprightCE  25W 25W 3 Continued - i')‘( . - - -
Finocchiaro, 2015 156 51414 38 Treadmill - - - Continued - BL BL - - .
Frenneaux, 1989 53 30 39 Treadmill 27M 2-3M ¥ Continued - BL oOut ?E')‘( - BL

L e . , . BL, BL,
Ghiselli, 2019 292 46*16 28 Semisup CE - 25W 2 Continued DM Ex Ex - Ex BL, Ex
Ha, 2005 (28] 29 57+10 16 Supine CE 25W 25w 3 Disc. (?) DM - - - - -
Hernandez, 2015 49 s5:12 36 Treadmill 27M 2-3M Not DM BL - - - -
registered

Jones, 1998 14 50 35+x14 30 Upright CE ow 5;\[15 1 Disc. (48 h) - BL - - Out Ex

Kim, 2004 [a1] 21 49+15 43 Treadmill 47M 2-3M 3 Administered - BL - - - -
Kitaoka, 2009 2 31 52+17 35 Upright CE ow 15w 1 Continued - BL - - Ex -
Kjaerga[&r]d, 2005 99 49+15 34 Treadmill mf)h 2M 2 Continued - BL BL Out - -
Konecny, 2015 [44] 198 53+16 38 Treadmill 25M 25M 2' Continued D.M' BL BL - - -

Yskinfold

Lafitte, 2013 [45] 107 52*15 33 Semisup CE - - - Continued - ?EI)'(’ BL - - Ex

Larsen, 2018 48] 510 51+15 36 Treadmill - 2M 2' Disc. (?) - BL BL - - BL
[a71 : ! BL, BL,
Le, 2009 63 48 +£15 28 Treadmill - - - Continued DM, HL Ex Ex - Ex Ex

Lele, 1995 481 23 30 39 SupC+Tread 25W 1"‘;\;5 3 D'5°°:)t' (120 - BL BL ?E')‘( Ex BL, Ex

Losse, 1983 [49] 122 42+3 - Supine CE - - - Administered - ?EI)'(‘ - ?EI)'(’ Ex -

Luo, 2015 [59 273 5015 30 Treadmill 27M 2-3M 3 .NOt - BL, - - Ex Ex
registered Ex



CPET Intensity Cardiac Variables Measured

Author, Year n a{gles) %W CPETMaterial _?:;?a 5::::;:’: :hac
Initial  Added Lapse Py LVOT MR PCWP ABPRE Events
Ma, 2014 [51 27 54+12 42 Treadmill 2.7M 2-3M 3 .NOt DM BL, BL,
registered Out  Out
Magri, 2014 [521 180 4716 25 Upright CE ow - - Continued - BL
Magri, 2016 [53] 683 4916 31 Supine CE - - - Continued DM BL - - Ex Ex
Magri, 2018 (541 767 4816 32 (?)CE ow I8 - Not - BL - - Ex BL, Ex
w controlled
[55] . Not
Malek, 2009 13 - - Treadmill .
registered
Matsumoto, 2005, 3 33 Treadmil - 05% 1 Continued - gt; BL
Matsumura, 2002 g5 38414 34  UprightCE  OW 5;\’15 v Disc. (5H-L) - BL oOut
Menon, 2008 [58] 88 14 25 Treadmill 27M 2-3M 3 .NOt - BL BL
registered
Miki, 1990 [521 22 47 £15 18 Treadmill 27M  2-3M 3 Disc. (120 h) ?EI;(’
Mizukoshi, 2013 33 59+16 27 SemisupCE 20W 1-2W 6" Continued - out - - - Ex
Moneghetti, 2017 . Not
+ - - - - -
[61] 131 52+13 37 Treadmill controlled BL BL Ex BL
Nihoyannopoulos, . . .
1992 [621 40 41 45 Treadmill 27M 2-3M 3 Continued BL BL
Nistri, 2010 [€3] 74 45+ 16 28 Upright CE - 25W 2' Disc. (5H-L) - BL, BL - - Ex

Ex

%W: percentage of women in the sample; CPET: cardlopulmonary exermse test; BL: baseline measure; EX: exercise
Nof

[64]
meadireout: exélusidh® &iterid; CE” Yefe-erddMetéi*Bup CE: supimeeeycle-ergdmeter; Semisip CE: semi-dupine®CE;

Trgfi‘e.,otﬁﬂ%“" 2(39) C‘glzz_+ 1(:‘,yclggergo;pea m.llW'trE _umkng\g/gl posgnon %fotpr% egatrent) 5L—|_L Sinalf Imxes Disc.. déug tl]ae_r%&)y
withdrawn a certain time before the test; Discont. (?): drug therapy withdrawn before the test but no further information
aboabsinves&ailable; ‘W= METs; DMTreiabigtes arallitus:;siML: hyperlipideimiag 5 skinfalels: surﬁb]atory of three skinfoldsgxb:
hemoglobln content. ‘Not controlled’ drug use reported without |nformat|on about its managl_ement When added intensity

7 [e7] BL E out
is reported with ‘% it means that slope of t'liwe treadm|ljl was augmented in t'hat certain percefitage. * !

Romero, 2008 [€8] 98 46 + 15 29 Treadmill 27M Not d
Management of the pharmacological therapy showed 12 dlfferent SplifEand was evaluated in 60 of the 69 studles In

saxrndgidhem, the;usent drugs wasrreeassed lljgthno fusther informatignsahaut its managenagnt was pravided. In 26 of the

53 remaining, drugs were not discontinued before the study; in 6, the researchers provided it; and in 1, none of the
. Not BL,

SRR 3RBE on Redfetin. FinallyPIIFRHRE 20 remairffll studies, dragsenere discontinuedWith Bariabk time from 5 days

to d2h, paerto theexeigisptess  treadmil  47M  2-3m 3 Disc. (48 h) DM BL - . Ex BL

TreXeANWas the® mo&? ‘dommlon &RJEMESer eMiploy®dV(n =V37 sRidgsd followzla)sdby upttiht cycle-érgometer (n £°16
St@dk@ﬁ)daﬁb@me and seml supme cycle ergEometers (n = 6 studies eacky: Bruce’s protocol [—] and its mqdified version [82]
were the most frequently used Whl|e there was a marked het&F8YeRLity in the protocols employed in the cycle-
erGBIet The itiaPirithsit? wasT€atMetween 0 Wand 28 W witf'if§Ements fanging Hrom 5 W to 30 W and lapses

lasivity. 2088 5’ mirt1Thepd 2¥ére 2 publicadivis where the fhtensity waSdnteredsedoM. Hisdimp-liRe fashion adding Bx2 W each

1?ﬁa§|an, 2006781 171 4618 63 Upright CE - 2150\r_v 1 Continued - BL - - - BL
619 [z 67. 53+11 12 SemisupCE 25W 25W 2 Disc. (24 h) - out
| 3"€onclusions
Wu 2019 [78 88 52+12 14 SemisupCE 25W 25W 2 Disc. (24 h) - BL

CPET is a valuable tool and can safely perform for assessment of physical functional capacity in patients with HCM.
VO2max is the most common performance measurement evaluated in functional studies, showing higher values in those
based on cycle-ergometer compared to treadmill. A variety of protocols and the lack of standard protocol difficult
comparisons between studies. Subgroup analysis shows that exercise intolerance seems to be more related to age,
medication and comorbidities than HCM phenotype itself. Lower VO2max is consistently seen in HCM patients at risk of
major cardiovascular outcomes.
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